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ABSTRACT

A b-in. magnetic flowmeter was studied to determine its cperating charac-

teristics, accuracy, and ‘general performence. The discharge range of the:

meter was 22 to 1320 gpm {0.05 to 2.9% cfs). The range is made adjusteble
by the manufacturer into 3 subranges of 22 to 220, 66 to 660, and 130 to
1320 gpm. At the minimum discharges for each subrange, the meter read from

1:to 2% high. An accuracy of plus or minus 14 oi'‘the rate of flow was.ob=

_ tained for about the upper 804 of each subrange. Control of the flow with
a gate valve located 15 dia upstream or downstream fram the meter had neg-
ligible effect on the meter accuracy. Controlling the flow with a valve ‘at -
the inlet to the meter csused the indicated discharge.to be 44 higher than
the actual discharge. Operation of the meter was generally satisfactory,

but & failure of an elegtronic component after-1 month's use raised a ques- .

-
e

tion on system relisbility. E .
DESCRIPTORS-- megnetic fields/ electric potential/ hydraulics/ meters/
~#water meters/ ¥flow meters/ closed conduits/ pipelines/ ¥*water
‘measurement/ laboratory tests/ calibrations/ performance tests

" IDENTIFIERS-- Fischer-Porter flow meter/ product’ evaluation/ magnetic
flov neters N o : ' o (e '
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]NTRODUC TION

Water measurmg dev1ces used in closed conduit systems on Bureau of
Reclamation irrigation projects have been propeller— or differential- type
meters. The Venturi meter has received general use:in large capacity
‘turnouts. Because of the limited discharge range of an individual meter
{about 10 to 1), several Venturi meters or sizes are necessary for each

" turnout. Magnetic flowmeters‘having a larger discharge measurement
range {about 30 to 1) and essentially zero head loss might reduce the
complexity of an installation but have not been used on Bureau projects.

Delivery of water to the Westlands Irrigation District from the San Luis
Canal requires measurement over a large discharge range. The Fischer-
Porter Company asked that their magnetic flowmeter system be considered
in the specifications as an alternative installation to Venturi meters in the
_turnouts. With capacity for measurement of a wider discharge range,
fewer magnetic meters would be required for a turnout. The magnetic
meter might then become econom1ca11y competitive. Bureau designers
being interested in the possmle use of the meters suggested making a

study of the accuracy, capability,” dlscharge range, -an d.the reliability

of the meter and electronic system.

SUMMARY

A 4-inch magnetic. flowmeter manufactured by the Fischer- Porte‘ Com-
pany, Warminster, Pennsylvania, was investigated in the Hydraulics

- Laboratory. The purpose of the investigation was to determine the oper-
‘ating characteristics, accuracy, and general performance of the meter

The meter prn:nary, or measurlng system, Flpure 1A, was 1nsta11ed in

.a 4-inch standard pipe with gate valves 15 diajneters upstream and 15 diam-
eters downstream, Figure 3A. Both of thesenvalves were used for dis-
charge-controls. For subsequent tests, the Upstream gate valve was in-
‘stalled at the inlet to the meter,” Figure 3B, to determine whether or not
the velocity disturbance caused by the valve affected the meter accuracy.
The meter secondary or readout system, Figure 1B, included a converter
- or transducer, -a single pen recorder and a digital counter or integrator.

- Actual discharges through-: the meter were measured with the permanent
volumetrlc calibration fac111t1ee in the: laboratory
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. = The dlscha.rge range of. the meter is. 22 to 1, 320 gpm (gallons per mmute)

facturer throughout the flow range of the meter. These subranges could
“be selected by a range selector switch m the converter. S :

~after about 1 month's operation in the laboratory and was returned to the .
- factory for repair. ; =This failure under laboratory conditions raises a RN
‘question as to the reliability of the system under field conditions.

. i o 'LABORATORY TEST INSTALLATION

(1.4 to0 83.2 1/s). The meter range is made adjustable by the manufacturer.
into three subranges of 22 to. 220, 66 to 660 and 130 to 1, 320 gpm. By sub- -
dividing the discharge range, better accuracies are claimed by the manu-.

The'.manufacturer-clalmed a dlscharge measurement accuracy of plue or
minus 1 percent of the maximum discharge for 10 to 100 percent of the

- flow 'of each subrange. The meter met the spec1f1cat10ns except for the

smaller discharges of each range. At the minimum discharges (0°to

10 percent) for each subrange the meter. read from 1 to 2 percernt high. . e - /
. When the valve at.the inlet to the meter was used to control the fiow, P

the meter indicated dlscha.rge was as much as 4 percent higher than

- actual discharge. An accuracy of plus or minus 1 percent of rate was
 obtained for about the upper 80 percent of each subrange.

Contro]_ling'the ﬂow with a gate valve located 15 diameters upstream or - ..
downstream from the meter had negligible effect on the meter accuracy.

- Controlllng the flow by a- partlally opened valve at the inlet to the meter .
- s not recommended

The. converter, a part of the meter secondary, failed to function properly

T
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' Meter Descrlptlon R I -

 “The magnet1c flowmeter works on the pr1nc1p1e of induction as stated by
‘Faraday's:[aw. When an electrical conductor.is moved through a magnetic
ifield at r1ght angles to the field, an emf (electromotive force or voltage)

“+is produced in the conductor. . The generated voltage is directly propor-

- -"'.‘thna]- to the veloc1ty of the conductor

e A umform parallel magnetm f1e1d is. generated by alternating- current

- coils. , The coils are mounted diametrically opp051te on the outside of
.. ithelpipe formmg the meter flow tube. The water is the conductor. A
- .-voltage. 1ngenerated between two electrodes. placed on a diameter of the

‘ *tube\at ught angles to'the magnetic. field and flow.direction. The result-

‘ing. al"crnatlng current voltage'is measured by electronic components and

- ‘used to indicate the volumetr:.c rate of flow. The discharge, proportional’
".+to the. veloc1ty and: p1pe ‘area, 'is therefore d1rectly proportlonal to the volt—
'age because the ﬂow tube ‘area is constant. _ _ _ ‘ @

K :}

The prlma.ry component of the 4 1nch,,F15cher Porter ﬂowmeter conta.med
:the magnetlc c01ls .a nonma.gnet1c flow: tube of stamless steel 11ned w1th -
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. neoprene, and the electrodes, Flgure 1A. The rated velocity range for -
N the primary was 0.5 fps (feet per second) (0. 15 m/s) to 30 fps (9. 14 m/s).
I . The corresponding discharge range for this flow tube having an inside L
N diameter of 3.917 inches (9.949 cm (centimeter)), would be 0.043 to 2,57
o cfs (cubic feet per second) (19.2 to 1,150 gpm) (12.1 to 70.2 1/s), How-
.. . ever, the measured discharge range was 22 to 1 320 gpm.
The secondary system of this meter mcluded a "converter' for convert-
ing the alternating-current voltage output of the primary to a propor- .
tional direct-current output, a single pen strip chart recorder operating
from the converter output signal, and an electromechanical counter or .
integrator operating on a 24-volt direct-current pulsed signal from the
, converter, Figures 1 and 2. The converter or main component of the
' ' secouda_ry or readout system was equipped with a meter and scale read- -
ing in percent of maximum flow for the selected range, Figure 1, and a
veloc1ty range selector switch, Flgure 2A.

The fu]l velocity range, 0.5 to 30 fps (0. 15 to 9,.14.m/s) was: d1v1ded into

. ‘three subranges which could be set on the converter depending on the dis~
charge. The three subranges used were 0.5 to 5 fps (0.15 t0'1.52 m/s),
1.5 to 15 fps (.45 to 4.57 m/s) and 3 to 30 fps (0.91 to 9.14 m/s).

The strip chart recorder had been specially furnished with a speed: of

2-5/8 inches per minute (6.57 ecm/m) and a ‘scale range from 0 to 1,200 -

gpm (0 to 75.61/8), Figure 2B. The normal chart speed is seven-eighths

inch per hour (2 cm/hr) and for this speed one chart roll will last about -

1 month. The electromechanical counter for totaling the flow in volume

units (gpm or cfs) had a six-digit dial with a manual reset. The counter -

has a maximum speed of 25 impulses per second. Tlie manufacturers

guaranteed accuracy was restricted to discharges correSpondmg toa

range from 10 to 100 percent of maximum flow for thz. selected velocity - .
 range. The accuracy for the compiete magnetlc ﬂow meter system was T

stated by the manufacturer as: (1) 3-fps maximum. flow velocity or , '
' above--plus or minus 1 percent of full scale of the selected range, (2)

1-fps maximum flow velocity--plus or minus 2 percent of full scale of

“the selected range, (3) reproducibility--plus or minus one- -half percent
of selected full scale or better

e B

Meter Installation

The 4-inch- magnetu. ﬂowmeter was installed in the laboratory piping system
Figure 3A. Standard 4-inch pipe with a gate valve 15 diameters upstream ‘
and 15 diameters downstream was used for the meter installation. The
upstream valve was later moved to a position at the inlet of the flow tube . |
of the meter primary, Figure 3B. Water could be pumped through the flow-
meter and into a volumetric calibration tank.  The calibration tank is a

standard of discharge measurement used in the laboratory.

L Rz,
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The flowmeter primary was connected in the laboratory tests to the second-
ary system with No. 14 wire as recommended by the manufacturer for com-"
mercial meter instaliation. This wire was enclosed in 3/4~inch electrical
conduit as outlined in the manufacturer's instructions. The 120-volt, 60-
cycle, alternating-current power input to the meter was enclosed as recom-

" mended by the manufacturer in a separate conduit. The converter, recorder,
and digital counter were mounted on a wooden panel about 4 feet away from :
the flowmeter, Figure 3. : :

Volumetric Calibration Tank

The laboratory calibration equipment includes two velumetric tanks of 678
cubic feet (5,071. 8 gallons) (19.2 cubic meters) and 88 cubic feet (658. 3
gallons) (2. 53 cubic meters), a pneumatically operated swing spout for
. diverting the flow into or out of a tank, and an electronic timer, Figure 4.
. Volumes of both the large and small tanks have been determined for various
i - water temperatures using an 1ndependent pipette tank. The timer, measur-
ing time to the nearest 1/100 second, is started and stopped automatically
by motion of the swing spout.- The motion of the swing spout is manually
controlled when the volumetric tank level reaches a depth sufficient for a
» hook gage measurement. The tank volume and time are used to compute
the average rate of flow. Thé small volumetric tank was used for discharges
up to about 300 gpm (0. 67 cfs) (18.9 1/s) through the ﬂowmeter The large
tank for discharges of 300 to 1, 320 gpm.

: _The electronic timer was used also for timing the digital counter (volume
! totalizer of the magnetic meter). Signals from the converter to the digital
counter were interrupted with a magnetic relay. The relay was activated
by a manual switch at the calibration tank. Thus, by starting and stopping
- the digital counter in the same period as the timer, the volume of water in.
- the calibration tank could be compared to the volume totalized by the meter.

e
s

CALIBRATION PROCEDURE

- Converter Zeroing Procedure

Before each days tests, waler was passed through the flow tube for 10 to
.15 minutes near maximum flow to rémove bubbles or material that might
} have azcumulated on the eleéctrodes when the meter was not in use. The
- .discharge was then stopped by closing the valves both upsiream and down-
stream of the meter to keep the pipe and meter tube full of water. The
-velocity range (the zero adjust range of the meter) (A) Flgure 24, was set
on'the converter. The zero button was depressed and the, 1nd1cator needle
was positioned by the zero (null) control screw ( screwdrwer hole above
. zero set button, Figure 1B).  The needle was positioned | 10. .approximately
. midscale within the zero band (30 to 70 percent) to read. between 50 and
© 60 percent. ‘The indicator was checked per1od1ca11y durmg the tests to
o msure that the needle was’ w1th1n the allowable zero band

:.\_f'f '
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D1schar ge Mea surem ents

. Valves in the laboratory plpmg system were checked for leakage prior-
to the meter- tests to insure that no flow was lost or' bypassed the meter. -
. 'For -each. dlscharge measurement the flow rate threugh the meter was' - '
adJusted using either the upstream or the downstream valve. The system
was stabilized for 2 or 3 minutes with the flow bypassing the volumetric -
calibration tank. . The flow was then diverted into either the. large or small '
~ calibration tank, moving the swing spout started the electronic'timer. The *
digital counter was started simultaneously with'the timer. When:the. cali- K
bration tank was sufficiently full, the flow was diverted to the bypass. .
Again moving the swing spout automaticallly stopped th=:electric.timer.
The digital counter was switched off at the same time. The strip chart
recorder was switched on at the beginning of each measurement to record
the steadiness of the flow..

Water surface elevations in the cal1brat1on tank were read with a hook gage . .
from a still water surface. The total volume was determined from the hook
gage reading, the measured water temperature and calibration curves for -

the tank. Average discharges were computed by dividing the total volume.

of water in the tank by the time interval fromthe elec+romc timer,.

“The total volume of flow in ga]lons indicated by the meter was the product
‘of the digital counter reading and a pulse factor;corresponding to the veloc-
- ity setting on the converter. The pulse factor for each velocity setting was
supplied by the manufacturer as follows: 5 fps velocity setting, pulse
factor = 0.183; .15 fps veloc1ty setting, pulse factor =:0. 550; 30 fps velocity -
'setting,; pulse. factor =:1.100. The volume in gallons computed.-from the
t0ta11zer compared sat1sfactor1ly to that measured in the ca11brat1o"1 tank.

The total volume in gaJlone d1v1ded by the time in minutes from the elec— -
. tronic timer gave the meter indicated average discharge in gallons per
minute. To determine the discharge indicated by the recorder, the same
pulse factors were applied to the chart reading. :

& Me asure ment. Ser1es

/In.the. f1rst serles of measurement, the upstream valve was fully opened and »
-.the discharge was controlled using the valve located 15: diameters down- - "
_stream. Discharges from 10 to 100 percent of maximum flow for each

¢ subrange were measured for a total discharge range of 22 to'1,320 gpm.
About’'20 runs were made for each subrange for a total of 60 rins. Three -
- discharge measurements for discharge control by the downstream valve
‘were checked after the meter: had: been mstalled for about 4 months

=i

The effect on the meter accuracy of: settmg the zero of the converter near-
~the upper and lower' 11m1ts ‘was studied, inthe second series of measure-
ments The upper and lower 11m1ts of the zero settmg of. the converter




- under no-flow condl.tlons are 70 percent, and 30 percent accordmg to the
~-1imit lines on the converter meter. The converter was adjusted to a 30

" percent reading and test dlscharges were measured at the lower and upper -
-ends of each velocity subrange, ise., 22 and 220 gpm of the 22 10 220 gpm
range. The same test discharges were then measured for 70 percent meter

38~ reading on the converter. Twenty-eight measurements were made in Serles
.- 2 with the upstream valve fully open. . . : .

. For. Series 3 the valve downstream of the meter was fully opened and flow
‘was controlled using the gate valve located 15 diameters upstream of the
meter. The discharges were measured to determine whether or not the
flow from a partially opened valve affectedthe meter accuracy. - Thirty-
five dlscharges were measured in coverlng the three- ve1001ty subra.nges.

“The upstream valve was installed at the _nlet of the meter to control the
- flow for Series 4, Figure 3B. Thirty-three dlscharges were measured
in the series. About 2 months after the initial series, four discharges
were-measured in the 130 to 1,320 gpm range. . These four measurements
were made to check the converter after a factory repair. The measure- .
~ ments showed that the converter had.been repa1red and the ﬂowmeter was
" again 1nd1catmg the true discharge. : g

',_/

DISCUSSION';JOF RESULTS

Accuracy of the magnetl.c ﬂo ameter for measuring dlscharge was computed
.-in two forms: as a percent; ‘of the rate of flow and as a percent of the maxi-

-~ mum discharge for the ve1001ty subrange.‘

Accuracy (rate of ﬂow) = f va Q‘Y)'-x' 1001_in percent

Accuracy (maximum flow for range) {%%@)—))x _10_0 in percent

- ‘:.where:
Qm = meter indi.cate'd discha’rge
Qv volumetnc tank measured dlscharge

Qm(max) ‘maximum meter 1ndlcated discharge for converter
D readlng of 100 percent (220 660, and 1,320 gpm)

% A meter havmg a warranted accuracy of plus or minus 1° percent of . rate
can measure flow to-a greater precision than one warranted to plus or
mmus 1 percent of full scale.. For example :




Percent of flow rate

Full scale--220 grm
Error at full scale--220-x 0. 01 =+ 2.2 gpm

Rate of 10 percent of full scale 22__0 X O. 1 = 22 gpm

Error at rate 22 x 0.01 = + 0.22 gpm orl percent

Percent of fu]l scale

Error at full scale 220 x0.01=2.2 gpm
Rate at 10 percént of full scale 220 x 0,1 =-22 gpm
'Error at rate (possible) 2.2/22 x 100 = -+ 10 percent

Test Series 1

Flgure 5 shows the accuracy of the meter for measurlng discharge in
‘an installation' where the meter was essentially unaffected by flow dis-
turbances. The graphs show the accuracy of the meter in terms of the
.percent of the rate of flow within the range and the accuracy in percent
of the maximum dlscharge of the range. The meter accuracy was
within plus or minus 1 percent of full scale Zor each of the three sub-
ranges. The meter accuracy was plus or minus 1 percent of rate
+ -except for the lower end (20 percent of range or less) of each of the
velocity ranges. :In practical use the meter need not be operated at
the low end of a velocity range ex:.ept for the 0.5 to 5 fps range because _
the. ‘ranges overlap. ..\ . : =

o

Test Senes 2

' -Dlscharges were measured for the upper and lower end of ea.ch vprocu:y
range for the converter zero settings of 30 and 70 percent, Figare 6.
The meter accuracy is impaired when the converter is operated near
- the limits of the allowable zero band. ' At the low end of the 0.5 to 5 fps -
.veloc1ty range the meter reads as much as 9.5 percent high for a 30 per-
-cent zero setting and 1.5 -percent high for the 70 percent zero setting,
Figure: 6A. For the 1.5 to 15 fps and 3 to 30.ips. velocity range the meter
reads about 2.5 percent high at the low end of the velocity range for a

30 percent Zero. settmg and: about 1 percent hlgh t"or the 70 percent Zero
setting.

“Figure GB shows the effect of-the zero. settmg or meter accuracy expressed
.as: pércent of maximum dlscharge for the veloc1ty range. The accuracy.of -
‘the meter was plus or minus 1 percent of maximum flow or better, ‘poth for.
e re1ther tl:a 30 and 70 percent zero Settmg of the converter The test serles

A




showed that meter accuracy in the lower dlscharge range is effected more
by a zero shift than in the middle and upper ranges. ‘A shift in zero toward
‘the lower end of the zero band (30 percent) impairs the accuracy more than
a shlft toward the higher end of the zero band.

Test Series 3

"The accuracy of the meter with a flow control 15 diameters upstream of .
the meter was not significantly different from that with the downstream
~flow control, Figure 7. The graphs show the accuracy of the meter in
terms of the percent of rate of flow within the range and the accuracy in
.percent of the maximum discharge ofi'the range. The velocity disturbance
caused by a gate valve 15 diameters upstream does not appreciably affect
the meter accuracy. The meter accuracy is about plus or minus 1 percent
or better of rate except at the lower end of each velocity range.

‘.Te st Series 4

. The electrodes-of the meter were 15. 6 inches (39.7 cm) downstream of -
the center of the leaf when the valve was installed at the inlet io the
meter, Figure 3B. The relatively poor accuracy of the meter, Fig-

- . ure 8, for this installation was caused by the valve disturbance of the

velocity distribution. When the valve was fully. opened the leaf did not
obstruct the flow and the accuracy approached that obtained for down-
‘stream valve control. For the valve fully open. (1, 320-gpm flow) the
.meter indicated a discharge of 0.4 percent larger than the volumetric
“tank, Figure 8C. Using the downstream wvalve for control, the volu-
: Inetric tank and meter measured the same discharge, Figure 5C.

The accuracy of the meter appears to be a function of the valve leaf
.~ position but was not a steadily increasing or decreasing function of
-~va.1ve opening. ‘At’certain valve openings the electrodes may be in a

[ .region of higher velocity than the average velocity. The result would

be the meter-indicating a higher than actual discharge. The accuracy
‘measurements, Figure 8, show that a meter installation with a par-

§ 4ft1&11y opened v,%_lve immediately upstream is not desirable.

o '-:‘Zero Control

The zeroing procedure of the secondary or readout system as outlmed
in the manufacturer's instructions was followed for each of the series.

. The zero shift was minimal for Series 1, -2, and 3. During the latter

.part of Series 4, the zero shift became excessive. The 1nd1cator needle

. ‘of the converter drifted outside of the allowable zero band. Different
“: ;zeroing procedures were followed as. outlined by manufacturer's repre-
- sentatives:but it was not always posslble to zero the system. The con-

R verter was.sent to the factory for service and was returned w1th add1- g
- ;:tlonal instruc t10ns for: zeromg the system o :




"Four d1scharges were measured by hydramhc laboratoryfpersonne ran
" .manufacturer's: representatives after the converter was: put back’in: ;ope
-ation. - The test discharges:confirmed the restlts of- Series. 4‘ ;F1gur 8
-and showed no: apparent effect.of zero- ‘shift,
- after the’ factory ‘service and-was:still functmmng 1 month'later., «*
‘the fact that the converter fa:.led to zero; properly after only f-‘month of

o.the:
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CONCLUSIO"JS '

The Fischer-Porter magnetic flowmeter system tested has a dlscharge o
range of 22 to 1, 320 gpm (. 049 to 2.94 cfs) (1. 4 to 83.2 liters per
second). The total discharge range is divided into three- subranges,
22 to 220 gpm, 66 to 660 gpm and 132 to; 1 320 gpm. - o

For a normal 1nsta11at10n the meter accuracy is within plus or minus -

1 percent of maximum discharge for each subrange and is'within plus
or minus 1 percent of the rate indicated for the upper 80 percent of -
each discharge range. At the minimum discharge for each range the -
meter indicates from 1to2 percent h1gher than actual d1scharge.

An installation with the control valve at the meter inlet is not de51r-’- :
able and can cause inaccuracies in discharge measurement of 4 per-
~cent or more. : :

During the zeromg procedure the indicator needle on the converter
should be set in the center of the zero band or at a readmg of about
50 percent to obtain the best accuracy.

The failure of the converter to function after 1 month's operatlon in
~ the laboratory may be an 1nd1cat10n of less than adequate rehab111ty'
in a f1e1d mstallatmn :




Figure 1
Report No. Hyd-574

-PX-D-57679N A S

A. 4-inch Fischer-Porter magnetic [lowmeter
primary.

DISITAL
COUNTER

'REGORDER CONVERTER

-PX-0-576B0NA,

B. Secondary or readout system for magnetic
flowmeter.

MAGNETIC FLOWMETER sTUDY

Four-inch Fischer-Porter Magnetic Flowmeter System
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Figure 2
Report No. Hyd-574

A. Magnetic [lowmeter converter showing velocity
range selector.

B. Single pen strip chart recorder.

MAGNETIC FLOWMETER STUDY

Magnetic Flowmeter Converter and Recorder




Figure 3
Report No. Hyd-574

PX-D-47096

Laboratory meter installation with valve
15 diameters upstream and downstream,

5

PX-D-57683NA

B. Installation with valve placed at meter inlet.

MAGNETIC FLOWMETER STUDY

Laboratory Installation of Magnetic Flowmeter
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Figure 4
Report No. Hyd-574
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Laboratory Volun .ric Calibration Facilities
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CONVERSION FACTORS--ERITISH TO METRIC UNITS OF MEASURE]&ENT

ublished by the-American Soclety for
diticmal factors (¥) commonly used in
units 1s glven on pages 10-11 of the

The following converslon factors adopted by the Bureau of Reclamation are those
Testing and Materials (ASTM Metrlc Practice Gulde, January 1864) except that
_the Bureau have been added. ~Further discussion of definitions of quantities and
ASTM Metric Practice Gulde, . - e

the ASTM are based on the "Internaticnal System of Units" (designated -
SI for Sgstems International d'Unltes}, flxed by the Tnternational Committee for Welghts and Meagures; this system 1s

_Blso lmAwn as the Glorg! ox MESA (meter-kdlogram (mass)-second-ampere) system. This system has been adopted by the
International Organigaticn for Standerdization in I5G:Recommendation R-31. . I

The metric units and conversicn factors adopted by

" The metrlc technleal unit of force 1s the kilogram-foree; thls is the force which, when applied to & bedy havinga - 7
* mass of 1'kg, gives it an acceleration of 9. 80665 m/sec/sec, the standard acceleration of iree fall toward the earth's
_center for sea level at 45 deg latitude, The metric unlt of foree in SI units is the newton (N), which is deflned as
that foree which, when applied to 2 body having a mass of 1 kg, glves it an acceleration of 1 m/sec/sec, These units
. must ba distinguished from the (inconstant) local welght of abody havi‘:xia mass of 1 kg; that is, the welght of a
bedy 13 that force with which a body 1s attracted to the earth and i5 equal to the mass of a body multiplied by the
acceleration due to gravity, However, because 1t Is general tice to use "pound® rather than the technicall .
correct term "pound-force, ™ the term "kik m" (or derived mass unit) has been used in this guide Instead
force™ in expressing the conversion factors for forces, - The newton :

¥ .
of "Klogram-

essentinl in ST units.

unit of force will find Increasing use, and is

Table 1
= QUANTITIES AND UNITS OF SPACE

By

To cbtein

Multiply

' LENGTE

25.4 (exactly). . . .
25. 4 (exactly). . . .
2.64 (exactly™. .

.. 1,600
1.

344 {exactly}* . .-

. Miecron
Milllmeters’
Centimeters
Centlmeters
Meters :

.. Kllometers
Meters
Meters v,

09344 (oxactly)
AREA

Kllometers-

Square inches
Square feet . .

Acres . .

“a s .

8. 4516 {exactly) .
029.03%. . . . . .

10,092508 . .

Square centlmeters
. Sguare centlmeters’
Square meters
Sguare meters
Hectares .
Square meters
Square kilometers
Sguare kllometers

| Sguare miles - . o .

Cubic Inches .. .. .

Cublc feet, . -

16,8671 . . .
0.02831688, . .-
0. 784555 . ., .

Cubtc centimeters
Cublc meters )
Cuble meters

CAPACITY

Cubic centimeters |

" Fluid cunces (U.s.)
Liguid pints (U.8.)
_Quarts (L8 .
Gallcas (‘U.S):

.

‘Gallons {u. K.). .
"Cuble feet. =

Pt s

R R I T L e )
P T N
[ T B S |

R I B R A

PR

'1,233.5% .

29.5729, .. ters .
Cublc decimeters
Iiters . .
Cuble centimeters
Liters L
Cubic centimeters
Cuble declmeters

. Liters
Cubic meters
Cublc declmeters
Liters ’
Liters
Liters o
Cubic meters

T T L I )

T N R T )

T I T L R I R I
.

s s a ok w e W
PR N I A

1; 232 BOO% - .

“Liters -
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i 1 to 2% high. - An mecuracy of plus or minus 1% of ‘the rate of flow was ob-;

A h-in. Mgnetic ﬂmter vas studied to detemine its operating charac-
Jteriatice, acciracy, and general performancs. The discharge raoge of the
- metar vas 22 4671320 gpm (0.05 to 2.9% cfs). The range 18 made adjusteble
‘by the manufacturer into 3 aubranges of 22 to 220, £6 to 660, aud 130 to
-'1320 gpa.. At the minimum digcharges for each subrange, the matar read from
-1 to 2% bigh.” An sccurscy of plua or minus 1% of the rate of flow vas ob-
. tained for about the upper BOF of each subrenoge. Control of the flaw with
;B gate valve located 15 dla upstream or downstream frem the meter had neg-
ligible effect. on the meter accuracy. - Controlling the flov with a valve at
“the inlet.to the meter caused the indicated diacharge to be' 44 higher than
the actual dischﬂrge. Cperation of the meter was generally satisfactory,
but & fallure of an electronic coaponent after 1 month'a use raised a ques-

R tion on systen relia‘bility.

5

ABS‘IBACT

A hatn. magnetic flowmeter was studied to determine its operating charac-

2 _ teristics, sccuracy, snd general performance. The discharge range of the

meter wag 22 to 1320 gpe (0.05 to 2.9% ofs). The range 1s made sdjustable
by the manufseturer ints’3 subranges of 22 to 220, 66 to 660, and 130 to
1320 gpm. At the minimum discharges for each subrange, the meter read from
tained for about the upper 80% of each aubrange. Control of the flow uith !
a gate valve located 15 dia .upstream or downstresm from the meter had neg--

i ligivle affect on the meter accuracy. Controlling the flow with a valve at

the 1nlet to the meter caused the indicated diacharge to be' b4 higher than
_ the mctual dlscharge. Operation of the meter was genarslly satlsfactory,

- but'as failure of an slectronic component after 1 month's use raised & ques~
“tlion on a;ratum relia'bility.

ABSTRACT

A k-in, magnetic flowmeter was studied to determine its operating charsc. .
teristice, scouracy, and general psrformance. The diacharge range of the
meter vas 22 to 1320 gpm (0.05 to 2.9% cfé). The range is made adjustable
by the wanufactursr ioto 3 subranges of 22 to 220, 66 to 660, and 130 to
1320 gom, At the minloum diecharges for each Subrange, the meter read from
1 to 2% high. Aa acciracy of plus or minus 1% of the rate of flovw was ob-
taiped for sbout the upper BO% of each subrange. Cotitrol of the flow with
a gate valye located 15 dia upstream or downatresam from the meter had neg-
ligible effect oo the meter accuracy. Controlling the flow with a valve at
the inlet to the meter caused the indicated diacharge to be' 4% higher than
the actusl dlscharge. Operation of the meter vas generally satiafactory,
but & failure of an electronic component after 1 month'a use raised a quaa~-
tion ou eystem reliability.

ABSTRACT

A L.in. magnetic flowmeter was studied to determioe 1ita operating charac«.
teristics, meccuraey, and gensral performence. The dlscharge raoge of the
meter vaa 22 to 1320 gpon {0.05 to 2,94 cfs). The range 15 made &djusteble
by the menufscturer iuto 3 eubranges of 22 to 220, 66 to 660, and 130 to

1320 gpn. At the mloimm dischsrges for each subrange, the meter read from

1 to 2% high. An sccuracy -of plus or mipus 1% of the rate of flow waa ob-
tained for sbout the ypper 80% of each subrange.: Control of the flow with
& gate valve located 15 dia upstream or downatrsam from the meter had neg-
ligitle affect on the meter accuracy., Controlling the flow with a valve at

the inlet to the meter caused the indicated discharge to be b4 higher than

the actual discharge. OCperation of the meter vas generally satlsfactory,
but a fallure of an electronic component nﬁ-.er 1 month's uge raised a quan-
tion on system rellability. .
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